When Anacystis nidulans, strain TX 20 was grown at 39 C, then rapidly chilled to 0 C, a pigment with a carotenoid-ike spectrum was bleached. This effect was not seen when ceUs which had been grown at 25 C were chiRled. The effect seen in 39 C-grown ceUs was not reversible except under extreme conditions such as beating to near boiling for several minutes. Bleaching could be prevented by prior exposure of cells to glutaraldehyde, but could not be reversed by glutaraldehyde treatment following chiUling. The effect occurred upon chiUling 39 C-grown cells even after extensive heating at 85 C, a treatment which destroys phycocyanin and metabolic activities. 25 C-grown cells were induced to bleach by chiRing when suspended in 50% glycerol. The results are interpreted as indicating a chiUl-induced change in aggregation state of a carotenoid, which changes its specific absorbance.
As described in the preceding paper (13) , Anacystis nidulans exhibits several specific effects when 39 C-grown cells are chilled to near 0 C which are not seen when 25 C-grown cells are treated in the same manner. These results appear to reflect differences in membranes of cells grown at 39 and 25 C. The work described in this and in the previous paper extends previous observations which demonstrated cold sensitivity in Anacystis (2, 5, 6 ) and a change in the physical state of Anacystis membranes as they are chilled (10) .
In this report, an additional effect of chilling A. nidulans is described. Bleaching of a pigment, observable spectrophotometrically, is shown to occur in cells grown at 39 C, but not those grown at 25 C. Evidence is presented that bleaching reflects physical changes within the photosynthetic membranes.
MATERIALS AND METHODS
A. nidulans, strain TX 20, was grown in continuous cultures as described in the preceding paper (13) . Cells were routinely chilled to 0 C by placing them in a darkened 50-ml Erlenmeyer flask, then swirling in an ice water bath. The cell suspension was left in the bath for the duration of the chill time. Cell suspensions required approximately 2 min to reach below 4 C. For chill temperatures above 0 C, cells were placed in a darkened container and incubated in a water bath of appropriate temperature for the desired time. For temperatures below 0 C, cells were pelleted and resuspended in 50% (v/v) Experiments requiring heated cells were held in a darkened 50-ml Erlenmeyer flask in a water bath of appropriate temperature. The bath was placed over a hot plate with a magnetic stirrer and the contents slowly stirred during heating. A marble was placed over the flask during heating to prevent excessive evaporation.
During chilling experiments, a control aliquot was always kept dark at the growth temperature to serve as a reference in measuring difference spectra. When chilling was coupled with another procedure, such as glutaraldehyde fixation or heating, the control was treated identically except that it was not chilled.
Difference spectra were measured at room temperature with a Varian model 635 spectrophotometer, using the 0 to 0.1 absorbance scale, and a slit width of 1 nm. Translucent scattering plates (Roehm & Haas No. 7328) were placed in 1-cm cuvettes for measuring spectra of whole cells. Difference spectra were obtained by placing chilled cells in the sample chamber and control cells in the reference chamber.
Chlorophyll concentration was estimated in 80% acetone using an absorption coefficient of 82 ml/mg at 663 nm.
All chemicals and solvents used were of reagent grade. Glutaraldehyde was purchased as highly purified 70% solution in 5-ml ampules from Ladd Research Industries, Inc.
RESULTS
A. nidulans, like other blue-green algae, is directly dependent on light for many metabolic activities other than photosynthesis (1) . It responds to changes in light quality and intensity by modifying the relative concentration of various pigments (7, 11 The bleaching was virtually complete within 20 min (Fig. 2 ). When cells were returned to 39 C in the dark following 0.5 hr chilling, the bleaching was enhanced, increasing gradually for approximately 5 hr. The spectrum was more difficult to interpret after a more extended period of incubation, as other pigments began to deteriorate.
The lipids of chilled and nonchilled cells were separately extracted with chloroform-methanol (1:2, v/v) (8) . A difference spectrum of the two extracts revealed no differential absorption, indicating that the pigment composition was identical in the two samples. Furthermore, a difference spectrum of the residues remaining after lipid extraction also gave a flat spectrum. In other experiments, pigments were extracted with acetone; these extracts also showed no loss of pigment after chilling. Thus, bleaching does not appear to be due to the actual destruction of a pigment.
One possible explanation for the observed bleaching of 39 Cgrown cells is that a pigment such as a carotenoid aggregates within the membranes. This aggregation might cause a decrease in A of that pigment due to the sieve effect (Duysens effect, absorption statistics) (12) . If this interpretation is correct, the aggregation must be specific for one pigment, corresponding to the observed spectrum. Alternatively, the bleaching might be accounted for by a decrease in absorption due to an altered environment of the pigment resulting from an altered extinction coefficient. We favor the particle aggregation hypothesis since freeze fracture electron micrographs reveal large de novo particles on membrane surfaces following chilling (Kirchanski and Brand, unpublished).
One means of discovering if the bleaching is due to a change in membrane organization is to treat the cells in a way which prevents or limits particle mobility within the cells. Glutaraldehyde is a cross-linking agent which freely penetrates into cells. Anacystis cells were treated with glutaraldehyde to observe its effect on the ability of 39 C-grown cells to bleach (Fig. 3) Difference spectra were determined at times indicated by (. ). Cells were kept at 0 C for the first 30 min, then transferred to 39 C for the remainder of the experiment. Although individual cells maintained their gross integrity (as observed by light microscopy), the phycocyanin was rapidly bleached by this treatment. Whole cell spectra of Anacystis before and after heating the cells to 85 C for 7 min are shown in Figure 4 . These spectra show that virtually all of the phycocyanin is destroyed by heating, while virtually none of the Chl appears to be destroyed or altered by this treatment. Heating appears to be an effective means of destroying phycocyanin without destroying membrane integrity as viewed by the Chl spectrum. Cells which were heated as described above were then chilled to determine if they were still capable of undergoing the characteristic decrease in A. Difference spectra of cells which were heated for 7 min, then chilled to 0 C for 0.5 hr, compared to cells which were heated for 7 min without chilling appeared identical to spectra of unheated cells which were chilled in the same manner (data not shown). The normal bleaching spectrum (Fig. 1) (Table I) .
If the difference between 25 C and 39 C-grown cells is quantitative rather than a fundamental difference, then it might be possible to chill the 25 C-grown cells to a temperature below 0 C and observe bleaching similar to that seen in 39 C-grown cells. 25 C-grown cells were cooled to subzero temperatures to determine if the characteristic bleaching pattern would appear. To prevent ice crystal formation and accompanying gross cell disorganization, cells were pelleted and resuspended in a 50% (v/v) glycerol solution prior to chilling. A response very similar to that seen in chilled 30 C-grown cells occurred when 25 C-grown cells suspended in 50% glycerol were cooled to any temperature between approximately 0 C and -20 C. It was surprising that the 25 C-grown cells could bleach even at temperatures slightly above 0 C when suspended in 50% glycerol (Fig. 5) . Glycerol was found to increase the temperature at which the effect occurs 
